Abstract: A two-frequency method has been adapted to the use of short ultrasonic bursts for the determination of bubble size. The advantage of a burst method is threefold. The overall energy transfer into the volume of interest (VOI) is smaller as compared to CW. Secondly it allows simple methods for improving spatial resolution. Finally, only one transducer will eventually be required in a pulse-echo mode. Measurements with shell encapsulated microbubbles showed the behavior demonstrated by previous CW methods. Higher harmonics as well as sidebands were present due to the non-linear dynamics of the contrast-agents.
INTRODUCTION
The following describes the setup of an apparatus to measure the sound attenuation and scattering including harmonics of gasfilled micro particles, i.e. lipid shelled MRX-115 contrast agent microbubbles and PVC-AN microballoons. A major purpose of the usage of contrast agents is the imaging of small vessels they can't be accessed in gray scale or Doppler modes. This is for example the case in the myocardium. The ethos from blood associated with such flow -at the arteriolar level, for example -exist in the midst of ethos from the surrounding solid structures of the organ parenchyma, echoes which are almost always stronger than even the contrast-enhanced blood echo /l/. Moreover size changes in the microbubble population for what ever reasons will show up in their attenuation/scatter characteristics. Burst excitation reduces the energy transfer into the sample i.e. human body, permits spatial resolution and allows the dual usage of transmitting and receiving with one transducer.
MATERIALS AND METHODS
The current equipment is based on a cylindrical sample holder in a water tank. Three transducers are employed. A Windows based PC is used to control two function generators, a pulser-receiver unit and an oscilloscope. Calibration measurements determined transducer responses and the effects of the sample holder. The specimens are MRX-115 contrast agents (IMaRX@ Pharmaceutical Inc., Tucson, AZ) and microballoons with a PVC-AN (polyvinyhdenchloride-acrylnitoryl) copolymer shell filled with low boiling hydrocarbon, typically propane /2/. The sample holder is a cylinder with 19.05 mm diameter and 127 mm long. This includes a window which is 63.5 mm long and 360 degrees in angle. The window material is TegadermO (3M) a transparent dressing which consists of a thin film backing with a hypoallergenic and water-resistant adhesive. The acoustic properties of Tegaderm are similar to Saran wrap@. It's advantage is the water-resistive adhesive layer. When viewed from above&e cylinder's center coincides with the intersection of the three ultrasound transducers. The transducers form a T-shape. On the left and right side of the top bar are the sending transducers (pump (Picker 2.25 MHz planar, 89% bandwidth at 6 dB) and imaging (Panamehics 5 MHz focused, 70% bandwidth at 6 dB) transducers) and on the bottom of the vertical bar is the receiving (Ultran 5 MHz focused, 160% MHz bandwidth at 6 dB) transducer.
Measurements are divided into sound attenuation and 90 degree scatter. The former one serves as a parameter estimation for the scatter measurement. The attenuation is obtained by range gating the backscatter from within the tegaderm tube. Two 5 us range gates (all times in round trip) with 5 us separation are taken. Comparison measurements with conventional methods /3/ proved the validiation of the method used here. The attenuation measurements are performed with a Panametreics puIser/receiver unit PR5900, driving the transducers with 1 UT (a minimal amplitude to reduce adverse effects on the bubbles) and overall gain of 40 dB. 60 broadband pulses are used for averaging.
The scatter measurement is based on several parameters. The basic idea is to expose the region of interest as well as possible to a uniform pressure field, with respect to space and frequency. The solution for the spatial condition is the emission of burst signals (with short time duration) and the small overlap of sending and receiving transducer. For a uniform sound pressure in frequency, three influences must be taken into account. First of all the sender of the acoustic wave. Calibration measurements were performed in order to quantify the acoustic emission as a function of frequency. Therefore short burst, as used in the later measurement, were analysed for their spectral amplitude at the sending frequency. A planar membrane hydrophone (Marconi) was used as receiver. This procedure builds a database for transducer, desired sound pressure and frequency. The second influence is the wall material of the sample holder. As mentioned above, acoustic properties were measured and can be used to correct the intensity of the acoustic field.
The third influence is the sample itself. Propagating waves are attenuated before they reach the VOI. Therefore a attenuation measurement has to be performed before the scatter experiment takes place and path lengths of the three beams must be known in order to calculate the right attenuation.
Two HP function generators plus two ENI 240L amplifiers serve as a signal sources. The pump signal is amplitude and frequencies modulated. The data aquisition is done in the sequential mode. For each average a linear frequency sweep is done. The recorded data is postprocessed after the full data aquisition is completed. The spectral amplitudes of the averages spectra are analysed for the particular sending frequencies. In the averaged spectrum amplitude of fundamental (fp), second harmonic (2x fp) and upper side band (imaging frequency plus pump frequency, fi+fp) and also their ratio to the fundamental are calculated.
RESULTS AND DISCUSSION
For both samples attenuation and harmonic measurements are done. The PVC microballoons showed constant attenuation of 5 dB/cm in the range from 1 to 5 MHz. From 5 to 10 MHz the attenuation rises up to 20 dB/cm at 10 MHz. The measurement indicated a drop in attenuation after 10 MHz but extensive measurements in this frequency range has not been done yet. The MRX-115 mircobubbles showed an attenuation of 30 dB/cm at 2 MHz in a 1 to 20,000 dilution. The attenuation is down to 50% of it's maximum at 1 and 5 MHz.
The scatter measurement showed harmonic frequencies for both PVC and MRX-115. The figure shows the scattered spectrum of an incident 2.1 MHz burst at 30 kPa. The spectra are averaged 30 times. The equity of the amplitudes for MRX and PVC-AN agents are misleading. The concentration of the PVC balloons is not quantified, but qualitatively much higher than the MRX bubbles.
Raising the sound pressure increases the background noise, i.e. the spectral peak separation from noise becomes smaller. This is seen for MRX agent. The control measurement after the scatter measurement, showing less attenuation through the sample, indicates active damage to the bubbles. It should be mentioned, that the whole process of aquiring the scatter data lasts for about 10 minutes. 
